In 2015, I wrote an opinion piece¹ in this journal announcing the successful extraction of a mitochondrial DNA (mtDNA) sequence from a 2300-year-old skeleton from Saldanha Bay, South Africa². My concluding passage noted that the latest research was focused on nuclear autosomal DNA to provide data on admixture between populations and the impact of natural selection on specific genetic traits and that we could expect publication of articles on this topic in the near future.
Well, I was not far off. A few months later, a paper was published in Nature presenting the genome of a 4500-yearold individual from Mota Cave in Ethiopia.³ The actual analysis was excellent, but there were problems in the comparative data 4 and one of the conclusions of the paper -that of a backflow of Eurasian ancestry affecting much of western and central Africa around three millennia ago -was subsequently rejected. The error was as a result of incompatible software in the analysis of genetic sequences from different comparative samples, which did not detract at all from the actual gene sequence retrieved. The Mota project was one of several happening on a range of ancient African DNA samples. A year earlier, Molebogeng Bodiba from the University of Pretoria was working at a lab in Zurich on South African samples from Early and Late Iron Age sites. 5 Unfortunately she has been unable to generate full mitochondrial sequences from her specimens, but she indeed has been the first to produce at least partial mtDNA data on Iron Age samples. As I mentioned in the 2015 paper, a small group of us at the University of Cape Town, in collaboration with the lab in Leipzig, has been working on samples from the Later Stone site of Faraoskop in the Western Cape, to find both mitochondrial and nuclear DNA samples and we are on the cusp of publication. Other Later Stone Age samples have been obtained from specimens in the Iziko Museums and are being analysed in Copenhagen by a different team; and most recently has been the report on three Later Stone Age foragers and four Iron Age individuals from Natal analysed in Uppsala, Sweden. 6 Just to add to the mix are two studies from north of our border. Sloan Williams and Ryan Raaum 7 have extracted mtDNA sequences in a lab in Chicago from 38 individuals from the Swahili coast. The site of Mtwapa was a major Swahili town from the 9th to the 18th centuries, and the burials dating from the 17th century represent the largest sample of ancient DNA from a single site in Africa. This study is going to give us a wonderful insight into the biodynamics of a single population in the African past. Another team associated with David Reich's lab in Boston has extracted genomic DNA from several individuals from Tanzania, including an ancient skeleton from the islands of Zanzibar. And further to the west are two projects centred on Malawi and Zambia, looking at both Iron Age and Later Stone Age samples. The two studies are using different laboratories -one in Boston and the other in Uppsala. The Malawi project has successfully extracted full genomic DNA from a number of Later Stone Age specimens going back some 4000 years. 8 This hive of African DNA analysis does not even include a wider range of research on the genetic lineages of living African peoples in search of the elusive point of divergence of our ancestors from the Neanderthals and other archaic populations and the subsequent divergence of populations in Africa. [9] [10] [11] [12] [13] [14] But there are problems. This rush to extract the secrets of ancient DNA in Africa has presented the curators of the collections of archaeological skeletons with ethical issues because the research requires the destruction of human bone. I have identified four central problems that concern me and that have been echoed in my private correspondence with various colleagues: competition between labs for samples; the danger of parachute research; the divorce between bioarchaeology and genetics; and laboratory methodologies and comparative data.
Competition between labs for samples
Competition for samples has become a very real problem. There are at least five labs that have been processing archaeological skeletons from South Africa. Back in May 2014, I made a list of all ancient DNA projects on South African specimens that had, up to that point, been proposed or were in action. I counted 13. Not all of these projects have taken place. In some cases permission to sample has been refused. The Department of Human Biology at the University of Cape Town, the Iziko Museums and the School of Anatomical Sciences at the University of the Witwatersrand all have elaborate procedures that must be followed before their respective osteological curators will grant permission to sample. In every case the science involved in the project (and the hypothesis it wishes to test) is required to meet an exacting standard. In the case of Iziko Museums there must also be a clear-cut benefit to descendant communities. One reason for refusal is that the project is simply an attempt to analyse skeletons because they are old and available. This may be good for the laboratory concerned, but it is just plain bad science and is perilously close to 'mining' of bone specimens from museums. In the case of very old specimens, such as Middle Stone Age material, the curating institutions have requested that associated animal bone is processed first and permission to analyse the human remains will only be granted if the animal specimens produce results. In addition, an export permit is required from the South African Heritage Resources Agency before any specimen is sent out of the country to a foreign laboratory.
The danger of 'parachute research'
Sampling in this kind of research is very easy to do. All that is required is a nubbin of bone and once the sample actually leaves the country, all of the analysis happens elsewhere. So how should South African researchers fit in? There has been an attempt to train young South Africans to work with ancient DNA and I am aware of students who have been sent to labs in Leipzig (Germany), Zurich (Switzerland) and Phoenix (Arizona, USA), but there are not as yet any jobs for those who have qualified. For a number of years there was an active resistance to setting up a South African lab in the belief that it was too expensive and funding would be better spent on projects that have a more direct benefit to the previously disadvantaged people of the country. That attitude is now changing in some quarters and I have heard talk of setting up labs in Cape Town, Johannesburg and Pretoria. How would such labs link to overseas institutions?
The divorce between bioarchaeology and genetics
There has been a definite tendency for genetic research to ignore information from osteologically based previous research. 15 Until very recently, whether the data were Y-chromosome, mitochondrial or autosomal DNA, the search has been for lineage and the presence of an actual skeleton has been irrelevant. All that has been required is a tiny fragment of bone that can yield DNA, but can such studies give us a true picture of the past? The answer is 'yes' in terms of lineage, but 'no' in terms of life experience and adaptation.
This issue is indeed important because the first choice in sampling should be that from as complete a skeleton as possible so that we can compare genetic and osteological data. Perhaps the most extreme example of this problem is the construction of the human ancestor known as the 'Denisovans'. 16 Much has been written about the genetics of these distant ancestors, but all of it has been based on one finger bone and three teeth from one site. We actually know nothing about these people except for their genetic shadow. The forensic anthropologist in me screams that I must have a body before making any conclusions. The same goes for the discussion of people from the comparatively recent African past.
Laboratory methodologies and comparative data
As a non-geneticist, it did not cross my mind that different labs might produce different DNA results. Some years ago I had my own Y-chromosome and mtDNA analysed. The results were fascinating, but I was extremely surprised to discover that if I sent the same samples to different DNA heritage laboratories I could get different results. It is not the analysis itself that is different, but the reference samples that are chosen for comparison. Clearly this kind of problem can be resolved as the analysed samples become more numerous (as long as the different labs share their results), but I have recently discovered that not all labs are the same when it comes to long sequence autosomal DNA. The processing methods are not interchangeable and there are at least two different methodologies that produce different success rates and differing levels of data volume. How do we resolve this? One possibility suggested by an anthropological genetics colleague is to allow for multiple samples to be taken from the same individual. Basically we are saying double the destructive sample size. That would not be popular, but a new technique has just been published 17 that utilises a miniscule core boring of bone. Double sampling would not be such a tender point with such new methodology.
Where do we go from here? How do we resolve these problems? Much of the competition is publication driven with labs chasing the next Nature paper. I cannot overestimate the power of high-impact journal publications in generating funds for laboratories, or promotions for their denizens. But the result is that very little is ublished in African accessible journals. Where are the papers that engage the African scientists in the developing countries to the north of our border? The research results from the study of ancient DNA directly involve the descendant communities living in the countries from which the archaeological samples are extracted. And even when the populations being studied are extinct, the story of their presence is part of the heritage of all of the people who live there now.
